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Thesis Summary 
  Technology advancement has made a dramatic change in human lives in the modern world which leads the 
people to find things that can ease their tasks. Also, it becomes necessary to perform the daily tasks more safely, 
accurately and efficiently. For this purpose, robots are developed. It is possible to reach the places where human 
cannot reach such as hazardous places, with the use of robots. Therefore the safety and the efficiency is 
guaranteed with the use of robots. The ultimate goal of this research was to achieve remote human support. This 
require master slave systems. Since a remote operation is done with the involvement of human, it is required to 
have haptic feedback in addition to the visual information. If the robots are operated in the human built 
environment, robots with the human like structure would be ideal. Therefore study about biped locomotion for the 
remote side, exoskeleton operation for the master side, and accurate motion transmission for both sides are quite 
necessary where motion control is the starting point that discusses all the fundamental theories lying underneath. 
This thesis was focused on advanced approaches in biped robot control for haptics applications mainly used for 
human support. 
  In chapter 1, the motivation of this research and the thesis structure were explained under the introduction.  
  In chapter 2, background and the related works related to various biped locomotion methods and mechanical 
backlash cancellation methods were explained together with their pros and cons. 
  In chapter 3, robust motion control was described. Motor model, acceleration based control, force control, and 
position control were described in this chapter. Furthermore, disturbance observer based robust control, sensorless 
force estimation via reaction force observer, and bilateral control were also explained in this chapter. 
  In chapter 4, biped locomotion based on haptics was described. Conventional researches related to biped 
locomotion require high computation power and accurate models of the robots to realize required goals. However, 
with the proposed haptic based method, it was possible to achieve dynamic walking without such necessities due 
to direct motion transmission. Human walking information obtained by an exoskeleton robot were used to 
generate the trajectory of the biped robot in real time. Also it can be used to teach the biped robot for the later use.  
  In chapter 5, performance and accuracy enhancement were explained. In general, motors in an actuator are 
placed away from the end effector to make the systems lighter in weight. The motion from the motor to the end 
effector are transmitted using a medium such as gears or thrust wires. However, introduction of such media create 
mechanical backlash. When the accurate motion transmission is required, it is necessary to have a backlash free 
operation. The proposed method can be used to cancel the backlash effectively and efficiently with the use of two 
motors and maintaining a constant force/torque between each other. 
  In chapter 6, conclusions of this research were presented. With an accurate motion transmission and control for 
the haptic based robots, it was expected to realize a humanoid robot that can support human life. 
